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Abstract 

It is shown that the electric dipole moment of the tau lepton several orders of magnitude 
larger than predicted by the standard model can be generated from mixings in models 
with vector hke mutiplets. The EDM of the tau lepton arises from loops involving the 
exchange of the W, the charginos, the neutralinos, the sleptons, the mirror leptons, and the 
mirror sleptons. The EDM of the Dirac tau neutrino is also computed from loops involving 
the exhange of the W, the charginos, the mirror leptons and mirror sleptons. A numerical 
analysis is presented and it is shown that the EDMs of the tau lepton and of the tau neutrino 
which lie just a couple of orders of magnitude below the sensitivity of the current experiment 
can be achieved. Thus the predictions of the model are testable in improved experiment on 
the EDM of the tau and of the tau neutrino. 



1. INTRODUCTION 



In the standard model the edm of the tau arises at the multiloop level and is extremely 
small[T], i.e., dr < 10~^^ecm. On the other hand the current experimental limit on the edm 
of the tau lepton|2] is^ 



Thus an experimental test of the standard model prediction is beyond the realm of ob- 
servability in any near future experiment since the theoretical values lies several orders of 
magnitude below the current experimental limits. A similar situation also holds for the edm 
of the tau neutrino where the current experimental limit on the edm of the tau neutrino 
isI2] [for related papers seejUl E]] 



while in the standard model extended by a singlet the edm again arises only at the multiloop 
level and is many orders of magnitude below the experimental limit. In this paper we 
investigate the possibility that the EDM of the tau and of the tau neutrino may be much 
larger by several orders of magnitude in models where there is a small mixing of the third 
generation leptons with a mirror in a vector like generation. Such a mixing may put the 
tau lepton EDM and the tau neutrino EDM with in the realm of observation with improved 
experiment. Thus vector like combinations are predicted in many unified models of particle 
interactions |H1 E] and their implications have been explored in many recent works [TUHTB] . 
Such vector like combinations could lie in the TeV region and would be consistent with the 
current precision electroweak data. 

In this work we allow for the possibility that there could be a tiny mixing of these vector 
like combinations with the sequential generations and these mixing affect very significantly 
the T lepton moments and also the tau neutrino moments. The implications of such mixings 
on the magnetic moment of the tau neutrino and on the anomalous magnetic moment of 
the tau were discussed in [17] . Here we include the effects of CP phases (for a recent review 
of CP violation see [H]) and discuss the enhancement of the leptonic EDMs due to the 
mixings with mirrors in the vector like generations. For the analysis here we will focus on 
the leptonic vector like multiplets. To simplify the analysis, we will assume that the mixings 
of the sequential generations with the ordinary heavy leptons in the vector like combinations 

^ For related papers where the upper hmit on the edm of the tau is given to he in the range 10^^® — lO^^'' 



c?^ < 1.1 X 10 ecm. 



(1) 



dr^ < 5.2 X 10 ecm. 



(2) 



ecm see[3H5]. 
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are small and thus will ignore it. The inclusion of such mixings will affect our overall results 
only by a small factor ~ 2. However, we are after much bigger effects, i.e., effects which are 
larger than the SM results by as much as a factor of 10^^. Thus in the following analysis 
we will focus on the mixings of the sequential generations with the mirrors in the vector 
like combinations and show that they have huge effects. The mixing of the mirrors with the 
sequential leptons will introduce V + A interactions for the ordinary leptons. Now there are 
very stringent constraints on such interactions for the first two generations and thus these 
mixings are effectively negligible and we supress them in our analysis. On the other hand 
for the third generation leptons, a small mixing is possible and consistent with the current 
experimental constraints |19j. We note in passing that a similar situation holds for the case 
of the third generation quarks pU] . 

The masses of the vector multiplets could lie in a large mass range, i.e., from the current 
lower limits given by the LEP experiment for color singlet states to the region in the several 
TeV mass range. If the mirror leptons are discovered at the LHC, the analysis here would 
be very relevant for planning of experiments for the discovery of the edms of the tau and of 
the tau neutrino. However, it is possible that the vector like multiplets have masses large 
enough that they might escape detection even at the LHC. This is specifically true for the 
leptonic vector multiplets since the discovery reach for them is typically much smaller at 
hadronic machines than for the color particles. However, even for this case the contribution 
of the mirrors to the edms can be huge as shown at the end of Sec. (4). Specifically it shown 
there that with the mirror masses in the TeV range, the edms of the tau neutrino and of the 
tau lepton can be 0(10^^) larger than the Standard Model value and only a factor of 10^ 
smaller than the current sensitivity. An improvement in sensitivity of this magnitude is not 
necessarily outside the realm of future experiment. Further it is possible that a large edm 
for the tau neutrino could have astrophysical implications. 

The outline of the rest of the paper is as follows: In Sec. (2) we give an analysis of the 
EDM of the tau lepton allowing for mixing between the vector like combination and the third 
generation leptons. Here the contribution to the edm of the tau arises from the exchanges of 
mirror neutrino, sneutrino-mirror sneutrino, from the third generation leptons and slepton- 
mirror sleptons along with W boson, chargino and neutralino exchanges. In Sec. (3) a similar 
analysis is given for the EDM of the tau neutrino with inclusion of the contributions arise 
from exchanges of the leptons from the third generation and from the mirrors, and also from 
the exchanges of the W bosons, charginos, sleptons and mirror sleptons. 

A numerical analysis of sizes of the EDM of the tau lepton and of the tau neutrino are 
given in Sec. (4). In this section we also give a display of the EMDs on the phases and 
mixings. Conclusions are given in Sec. (5). Deductions of the mass matrices used in Sec. (2) 
and Sec. (3) are given in the Appendix. 
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FIG. 1: The loop contributions to the electric dipole moment of the tau via exchange of the W 
boson and of tau neutrino and mirror neutrino denoted by i^j, via neutralino (Xi) ^-nd sleptons 
(f/c) exchange and via the exchange of charginos (xj), sneutrinos and mirror sneutrinos denoted 
by {i>k)- 

2. EDM OF THE TAU LEPTON 

Fig. (la) produces edm of the tau {(1^-) through the interaction of the W bosons with 
the tau and with the neutrino and its mirror, and we give here the relevant part of the 
Lagrangian which is 

Ccc = -^W; Yl r,r[Dl,,Dl\,PL + D^j,,^D}^,,Pn]u, + H.c. (3) 

^ j,k=l,2 

where -D]^'"^ are the diagonaUzing matrices defined in the Appendix. These matrices contain 
phases and these phases generate the edm of the tau for the case of Fig. (la). 

Fig. (lb) produces a contribution to dr through neutrahno exchange and the relevant 
interactions in this case are 

- Cr-f^^O = J2 Yl M^jkPL + FjkPR]X% + H.C, (4) 
j=l-4fc=l-4 

where 

Fig.(lc) produces a contribution to dj. through chargino exchange and the relevant inter- 
actions in this case are 

-Cr-^^^+=Y^ J2 MKjkPL + LjkPRjTjh + H.C, (6) 
j=l-2 A:=l-4 
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where 



= -g2[Dl\,K,V,2D^,, - Dl\,V,,D'(, + DII^ke^V.^DI^]- (7) 
Here U and V are the matrices that diagonahze the chargino mass matrix Mc so that 

U*McV-' =dtag{m±,m±), (8) 
and ktv, i^t etc that enter Eq.Q are defined by 

= ^^^^^^^ ^' = — 

VzMvKCOsp vzMvysmp 



Using these interactions we have 



.2 m^, 

M' 



i=i,2 

167r2 ^ ^ mi mi IGn^ ^ ^ m% m^ 



9 ^ ""VSIK/-^ V 9 

j = l fc=l ""'^fe ""''fe J = l fc=l """^fe "^fc 



where l\ir\ y4(r) and i?(r) are defined as follows 



2 1 1 2 3rlnr 



^l-r)2^ 4 4 2(1 -r)' 
^/ X 1 ro 21nr ^ ^, , 1 2rlnr^ 

^f'-' = 2(137)513 - + (T37)l. Bl--) = ^(TTTpfi + (137)1- (11) 



and where 

'7ifc = R\\^TU]2^\k + ^R12^jl^4k ~ -^_R12'^Af^j2-^2fc] 

X [Kpi^^bZ - 5:,Dl,,Dll + a%Vl2,Dll - il^Vl2,Dll]. (12) 

The matrix elements D*^'^ are the diagonalizing matrices of the sneutrino and slepton 4x4 
mass matrices (see the Appendix). The couplings that enter Qk in Eq.(12) are given by 



2mvysmp ^ cost^vK 2 



5'3 sin^ 9w e g2'mEXij . 
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and 



2mw cos p ■' cos Ow 2 

^2sin2^v^ ^2m,X3 

= -eXi . + X^j, 6rj = ^, (14) 

cosfc'^y 2mw COS f3 

where 

X[j = {Xij cos 9w + X2j sin ^^y), X'^j = {-Xij sin 6'^/ + X2j cos ^vy), (15) 
and where the matrix X diagonhzes the neutrahno mass matrix so that 

X'^Mj^oX = (im(yf(m^o^, m^o^, m^Og, m^o^). (16) 

3. EDM OF THE TAU NEUTRINO 

The edm of the tau neutrino receives contributions from the diagrams of Fig. (2). Using 
the interactions of Eq.([3]) the contributions from the loop diagrams of Fig. (2a) and Fig. (2b) 
are as follows: 



.2 



W j = i^2 W 



OZTT IVly^ 
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where Ii{r) is given by Eq.(ll) and l2{r) is given by 



. / N 2 11 1 2 SrMnr , 

«'-) = (r37]3ii-T'-+r -2(137)1 (18) 

Similarly, the loop contributions of Figs (2c) and (2d) to are given by 

2 4™^ 



1 'i^ m + 



2 ti 



2 4™,, 



where S'jfc and T^^ are given by 



- -5'2[-D^\iKj.V/2-D[fc - D^\2^/l-04fc + -Dm2^£^r^/2-D2fc], 

T,, = -g2[Dl\,K^U,2Dl, - Dl\,U,,Dl, + D^.k^U.^DI,]. (20) 



and A{r) and B{r) are as defined in Eq.(ll). 
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FIG. 2: The loop contribution to the electric dipole moment of the tau neutrino (ur) via exchange 
of the W boson and of tau and mirror lepton denoted by tj, and via exchange of the charginos 
(x^), sleptons and of mirror sleptons denoted by (ffc). 

4. NUMERICAL ANALYSIS 

The mixing matrices between leptons and mirrors are diagonalized using bi-unitary ma- 
trices (see the Appendix). So we parametrize the mixing between r and by the angles 
^L, Or, xl and xr^ and the mixing between u and by the angle 0l, (pR, and C,r where 

(cos6l — sin6'2,e~*^^ \ / cos (J)l — sin</)2,e~*^-^ \ , , 

\, D'i=[ ^\ , (21) 

sin6'Le*^-^ cos^l / \ sin 0^6*^-^ cos0l / 

and DJj and can be gotten from D£ and by the following substitution: D]^ 
Z)^, Ol 9r, Xl Xr, and Dl -> Z)^, 0^ -> (f)R, ^r- We note that the phases xl,r 
arise from the couplings /s and while the phases ^l,r arise from the couplings /s and /s 
through the relations 

Xr = arg{mrf3 + mEfl), Xl = arg{mrfl + niEh), 

iR = arg{-mj3 + rriNfl), ii = arg{m^f^ - niNh). (22) 

However, these four parameters are not independent since the input of three phases of 
/a, /4 and /s would produce these four parameters. For the case of lepton and neu- 
trino masses arising from hermitian matrices, i.e., when = /| and /s = — /| we have 
6'l = Or, (pL = 4>R^ Xl = Xr = X and = C,r = C,- Further, here we have the relation 
^ = X + ^ and thus the W-exchange terms of the edms for tau neutrinos and tau lep- 
tons vanish. However, more generally the lepton and the neutrino mass matrices are not 
hermitian and they generate non-vanishing contributions to the EDMs. Thus the input 
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parameters for this sector of the parameter space are m,-!, m^;, /s, /4, m,^i, mAr, /s with /s, 
/4 and /s being complex masses with CP violating phases xs? X4 and X5 respectively. For 
the slepton mass^ matrices we need the extra input parmaeters of the susy breaking sec- 
tor, Ml^ Me, Mr, My, Mjv, A^-, Ae, A^, Ajy, /i, tan (3. The chargino and neutralino sectors 
need the extra two parameters mi,m2. We will assume that the only parameters that have 
phases in the above set are Ae, A^, A^ and Ay. These phases are a^, a at, ar and 
respectively. To simplify the analysis we set the phases = = With this in mind the 
only contributions to the edm of the tau lepton and tau neutrino arise from mixing terms 
between the scalar matter - scalar mirrors, fermion matter - fermion mirror and finally be- 
tween mirrors among themselves in the scalar sector. Thus in the absense of mirror part of 
the lagrangian, the edms of taus and neutrinos vanish. We can thus isolate the role of the CP 
violating phases in this sector and see the size of its contribution. The 4x4 mass^ matrices 
of sleptons and sneutrinos are diagonlized numerically. Thus the CP violating phases that 
would play a role in this analysis are 

X3,X4,X5,aii;,a7v. (23) 

To reduce the number of input parameters we assume Ma = "rni^^a = L, E,t,x,^, N and 
\Ai\ = \Aol i = E,N,T,i^. 

In Fig.g, we give a numerical analysis of the edm of the tau lepton and discuss its 
variation with the parameter xs (left), with I/3I) (middle) and with aN (right). Regarding 
Xs it enters V^, D'^, D'^ and D'^ and as a consequences all diagrams in Fig.(l) that contribute 
to the edm of the tau are affected. The phase a^, however, enters only in the chargino 
exchange contribution since it enters D'^ and thus only the part of the tau edm arising from 
the chargino exchanged is affected by variations of a^- We note that the various diagrams 
Figs. (la)- Fig.(lc) that contribute to the tau edm can add constructively or destructively in 
the latter case generating large cancellations reminiscent of the cancellation mechanism for 
the edm of the electron and for the neutron [TBJ. Of course the desirable larger contributions 
for the tau edm occur away from the cancellation regions. The analysis of Fig.([3]) shows 
that a tau edm as large 10^^^ — lO^^^ecm can be gotten which is only about 2 orders of 
magnitude below the current experimental limits of Eq.([T]). A similar analysis for the tau 
neutrino edm is given in Fig.Q. Here again one finds that the tau neutrino edm as large 
as 10^^*^ — 10^^^ ecm can be gotten and again it lies only a couple of orders of magnitude 
below the current experimental limit of Eq. ([2]) . 

As discussed in Sec.(l) the scale of the vector like multiplets is unknown. They could 
lie in the sub TeV region but on the other hand they could also be several TeV size and 
escape direct detection even at the LHC. This is especially true for leptonic vector like 
multiplets since the discovery reach for color singlet leptonic states at hadronic machines is 
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typically much smaller than for the color particles. In this context it is then interesting to 
investigate the contributions to the tau lepton edm and to the tau neutrino edm from vector 
like leptonic multiplets in the TeV range. A comparison of these edms when the leptonic 
vector hke multiplet lies in the sub TeV region vs in the TeV region is given in Table 1 
below. It turns out that the dependence of the edms on the masses of the mirror leptons 
is a rather complicated one. Thus there are supersymmetric and non -supersymmetric 
contributions which have different dependence on the mirrors and mirror slepton masses. 
Thus in certain regions of the parameter space as the mirror leptons masses grow, the 
chargino and neutralino contributions are suppressed much faster than the W-exchange 
terms. In the susy contributions, both the couplings and form factors that contain the mirror 
lepton masses explicitly decrease as the mirror spectrum increases. In the W-exchange term, 
there is a competition between the couplings and form factors. The first term decreases while 
the latter increases and, in indeed a suppression of the edms occurs but here it is much slower 
than in the case of susy case. These phenomena are illustrated in the analysis of Table 1 
which shows that the suppression of the W exchange terms in both tau and neutrino edms 
is much slower rate than the other components in this specific part of the parameter space. 



Table 1: 



mEiTeV) 


rriNiTeV) 


d^e.cm 




d^"e.cm 


d^e.cm 


d^^e.cm 


0.1 


0.2 


6.5 X 10"^^ 


-3.4 X 10-1^ 


5.0 X 10-^9 


3.7 X 10-^^ 


-2.4 X 10-1^ 


2.0 


1.0 


4.0 X 10-2° 


-7.2 X 10-22 


3.0 X 10-23 


5.1 X 10-20 


-7.1 X 10-22 



Table caption: A sample illustration of the contributions to the electric dipole moments of 
Ur and of r. The in puts are: tan/3 =5, I/3I =90, I/4I =120, I/5I =75, mo =150, |^o| =100, 
rhi — 75, 7712 = 150, /i — 130, X3 — —1-0, X4 =0.6, X5 — —0.8, =0.3 and =0.6. All 
masses are in units of GeV and all angles are in radian. 

The analysis given above shows that even if the vector like particles lie in the TeV 
range they could contribute a significant amount, i.e., O{10~'^^)ecm which is 0(10^^) larger 
than what the Standard Model predicts and only three order of magnitude smaller than 
the current limits. The above results do not appear outside the realm of detection in 
future experiment with improved sensitivity. Further, the results above could have possible 
astrophysical implications. 

5. CONCLUSION 

In this paper we have considered extensions of the MSSM with vector hke multiplets. 
We have specifically focused on the leptonic sector and considered mixings between the 



9 



sequential generation leptons and the mirrors in the vector hke multiplets. For the first two 
generations of leptons the V — A structure of the weak interactions are very well established. 
However, this is not the case for the third generation leptons. Thus for the third generation 
leptons we consider small mixings of the tau lepton and of the tau neutrino with the mirrors 
in the vector like generation. An analysis of the electric dipole moment of the tau lepton is 
carried out in this framework. Further, we also compute the EDM of the tau neutrino. It 
is found that the predictions of the EDMs in the model can be as large as just a couple of 
orders of magnitude below the current experimental predictions. Thus an improvement in 
experiment by this order of magnitude will begin to test the predictions of the model. These 
results are very encouraging for the possible observation of the EDM of the tau lepton and 
of the EDM of the tau neutrino in improved experiment. 

Acknowledgments: This research is supported in part by NSF grant PHY-0757959 and 
by PHY-0704067. 



APPENDIX: MASS MATRICES OF LEPTONS AND SLEPTONS AND THEIR 
MIRRORS 

In this appendix we write down the mass matrices for the leptons, neutrinos and sleptons 
and their mirrors that enter in the computations of the edms of the tau neutrino and 
tau lepton discussed in the text of the paper. In deducing these matrices we need the 
transformation properties of the leptons and their mirrors. Thus under SU{3)c x SU{2)l x 
U{1)y the leptons transform as follows 

I ~ (1,2,-^), r£~ (1,1,1), (1,1,0), (24) 

where the last entry on the right hand side of each ~ is the value of the hypercharge Y 
defined so that Q = T^ + Y and we have included in our analysis the singlet field v'^. These 
leptons have V — A interactions. Let us now consider mirror leptons in the vector like 
mutiplets which have V + A interactions (For previous works on mirrors see |2T]). Their 
quantum numbers are as follows 

X'=\ ~(l,2,-),i?,z.~(l,l,-l),iV,.~(l,l,0). (25) 

Nl J 2 

We assume that the mirrors of the vector like generation escape acquiring mass at the GUT 
scale and remain light down to the electroweak scale where the superpotential of the model 
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for the lepton part may be written in the form 



+/3e^,rVi + fdlErL + hi^lNL. (26) 

Mixings of the above type can arise via non-renormahzable interactions^. Consider, for 
example, a term such as 1/ Mpiv'iNi<^i^2- If and $2 develop VEVs of size 10^~^°, a 
mixing term of the right size can be generated. 

To get the mass matrices of the leptons and of the mirror leptons we replace the su- 
perfields in the superpotential by their component scalar fields. The relevant parts in the 
superpotential that produce the lepton and mirror lepton mass matrices are 

W = hHlfLfR + mpLU*^ + f2HlN*^NL + f^HlEl^E^L 

+hK^fL - hN*nVL + UfRE^L + h^RNL. (27) 

The mass terms for the lepton and their mirrors arise from the part of the lagrangian 

1 d'^W 

where and A stand for generic two-component fermion and scalar fields. After spontaneous 
breaking of the electroweak symmetry, (< H\ >= Vi/\/2 and < iJ| >= V2/\/2), we have 
the following set of mass terms written in 4-spinors for the fermionic sector 

-Cn. = [fRE^R]\ V /; 1 1 \ + [i^r nr)\ ^'"""^^ 1 1 i +h.c. 



-/a f2Vi/V2 



Here the mass matrices are not Hermitian and one needs to use bi-unitary transformations 
to diagonalize them. Thus we write the linear transformations 



(29) 






such that 



DV DT = diaqirriT-, ,mro), (30) 

^ ' /3 f^V2/V2 i 



and the same holds for the neutrino mass matrix so that 



I ] = diag{m^^,m^^). (31) 

-/s j2V\l\Jl 
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Here ti,T2 are the mass eigenstates and we identify the tau lepton with the eigenstate 1, 
i.e., r = Ti, and identify T2 with a heavy mirror eigenstate with a mass in the hundreds of 
GeV. Similarly z/i,z/2 are the mass eigenstates for the neutrinos, where we identify ui with 



the light neutrino state and 1^2 with the heavier mass eigen state. By multiplying Eq.(30) 



by from the right and by from the left and by multiplying Eq.(31) by D'^ from 



the right and by D'^ from the left, one can equate the values of the parameter /a in both 
equations and we can get the following relation between the diagonalizing matrices D'^ and 

mriDl,,DZi + ^.2/^^22^1*12 = - [muiDl2iDZi + ^,21^^22^112] • (32) 

Next we consider the mixings of the charged sleptons and the charged mirror sleptons. 
We write the superpotential in terms of the scalar fields of interest as follows 

+/3e.,x"V^i + UrlE^L + hi>lNL. (33) 

The mass^ matrix of the slepton - mirror slepton comes from three sources, the F term, the D 
term of the potential and the soft susy breaking terms. Using the above superpotential and 
after the breaking of the electroweak symmetry we get for the mass part of the lagrangian 
Cp and Cd the following set of terms 

-Cf = (m| + \f3\')ERE*j, + im% + l/sHiVRiV* + (m| + \U\')ElEI 
+ + \M')NlN1 + (ml + \h\')fRrn + (ml + \M')i>Ri)*R + {ml + \fs\')fLfl 
+ {ml + l/sH^'L^'i + {—rrirlJ* tan (Htlt^ — rriNjj* tan (3NlN}^ — myii* cot (^uli^r 
-niEfi* cot PElE*j^ + {niEfl + mrU)ELfl + (niEfi + m./g )E^f^ 

+ (m,/5 - mNf;)NLi>l + {m^h - ^JDNrV}, + h.c.}, (34) 

and 

-Cd = \m\ cos^ cos 2/3{i>ii>2 - ^l^I + ErE""^ - NrN*^} 

+ ^m| sin^ Ow cos 2/3{i>Li>l + rL^l ' ErE*^ - NrN*^ + 2ElEI - 2f^f^}. (35) 

Next we add the general set of soft supersymmetry breaking terms to the scalar potential 
so that 

+e,,{hA,H\ijifl - f[A,Hlijipl + f2A^H\r'JNL - f2AEHir'EL + h.c.} (36) 

From Cp^D and by giving the neutral Higgs their vacuum expectation values in Vgoft we can 
produce the the mass^ matrix M| in the basis (f^, E^, tr, Er). We label the matrix elements 
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of these as {M~)ij — Mfj where 

^Ml + ml + I/3I' - mlcos2P{^ - sin^ Ow), 

= M|, + ml + 1/4]^ + mlcos2p sin^ 6Ivk, 

Ml = A?^2 + rri2 ^ l/^p _ mlcos2ps\v? Ow, 

Ml = M^ + ml + \fs\^ + m|cos2/3(^ - sin^ 9w), 
= ^21* = + = M^* = m^(A; - /xtan/3), 

Ml = M^^* = 0, M^g = = 0, 
ML = = m£;(A^ - //cot = Ml* = + m,/*. (37) 

Here the terms Mf^, M|, M|^, MI3 arise from soft breaking in the sector tl, tr. Similarly 
the terms M^^, M^, M^, arise from soft breaking in the sector E^, E^. The terms 
M21, MI3, MI2, Mf4, M|i, MI4, MI3, arise from mixing between the staus and the mir- 
rors. We assume that all the masses are of the electroweak scale so all the terms enter in 
the mass^ matrix. We diagonalize this hermitian mass^ matrix by the unitary transforma- 
tion £)^^M|Z)'^ = diag{m\^,m\^,m\^,m\^. There is a similar mass^ matrix in the sneutrino 
sector. In the basis (z^l, Nl, ur, Nr) we can write the sneutrino mass^ matrix in the form 
{M^)ij = mjj where 

ml = Ml + ml + \h\^ + ]^mlcos2l3, 
^M^N + m% + 1/5 1', mis = M^ + ml + If^f, 
ml ^ M^ + ml + \ fs\^ - -m|cos2/3, ml = mjl = - mjv/3*, 
ml = mil = m^{Al — fi cot (3), ml = ml = 0, ml = mil = 0, 

ml = ml = mN{A*^ - /itan/3), 77134 = 77^43 = 777jv/5 - m^f^. (38) 

As in the charged slepton sector here also the terms ml, ml, ml, m'^^ arise from soft 
breaking in the sector ul. Dr. Similarly the terms 77122; "^24; "^42; "^44 arise from soft breaking 
in the sector Nl,Nr. The terms ml, ml, ml, ml, '>Til,ml, ml, ml, arise from mixing 
between the physical sector and the mirror sector. Again as in the charged lepton sector we 
assume that all the masses are of the electroweak size so all the terms enter in the mass^ 
matrix. This mass^ matrix can be diagonahzed by the unitary transformation D'^^M?D'^ — 
diag{ml,ml,m1^,m%l). The physical tau and neutrino states are r = Ti,y = vi, and the 
states T2, 1^2 are heavy states with mostly mirror particle content. The states fj, z/j; i — 1 — 4 
are the slepton and sneutrino states. For the case of no mixing these hmits are as follows: 
n tl, f2 El, fa tr, Er, i>i ul, i>2 Nl, 1)3 ur, z>4 Nr. The 

couplings /3, fi and /s can be complex and thus the matrices D^j^ and I?^ ^ will have 
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complex elements that would produce electric dipole moments through their arguments 
discussed in the text of the paper. Also the trilinear couplings Au^t-,e,n could be complex 
and produce electric dipole moment through the arguments of D'^ and D'^ . We will assume 
for simplicity that this is the only part in the theory that has CP violating phases (For a 
recent review of CP violation see [E]). Thus the /i parameter is considered real along with 
the other trilinear couplings in the theory. In this way we can automatically satisfy the 
constraints on the edms of the electron, the neutron and of Hg and of Thallium. 
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FIG. 3: Left: An exhibition of the dependence of dr on X3 when tan/3 = 10, mjv = 100, I/3I =50, I/4I =70, I/5I =90, 
mo =100, |Ao| =150, mi = 50, m2 = 100, ^l = 150, X4 =0.4, X5 =0.6, «b =0.5, ajv =0.8, and the =300, 250, 200, 150, 100 
(in ascending order at X3 = 0). Middle; An exhibition of the dependence of on I/3I when tan/3 = 10, mjv =120, tue =100, 
I/4I =80, I/5I =60, mo =150, |Ao| =100, mi = 50, m2 = 100, fi = 150 GeV X4 =0.3, X5 =0.7, oe =0.4, a,^ =1.0, = 0, 
= 0, and X3 =0.4, 0.8, 1.2 (in ascending order). Right: An exhibition of the dependence of dr on ctjv when tan/3 = 20 
mjv = 100, I/3I =70, I/4I =50, I/5I =80, mo =120, |Ao| =130, mi = 50, m2 = 100, = 150, X3 =0.5, X4 =0.6, xs =0.7 and 
Oe =0.6, and tue =180, 130, 80 (in ascending order at ojv = 0). Masses in GeV and angles in rad here and in figures below. 




X,(rad) IfJ(GeV) ajlrad) 



FIG. 4: Left: An exhibition of the dependence of di, on X3 with the input tan/3 = 10, m^; = 120, I/3I =60, I/4I =80, 
l/sl =100, mo =100, |Ao| =170, mi = 50, m2 = 100, = 150, X4 =0.2, xs =0.7, =0.6 and ajv =0.4, and mjv =300, 250, 
200, 150, 100 (in ascending order at X3 = 0). Middle: An exhibition of the dependence of d^, on I/3I with the input tan /3 = 10, 
mjv =120, ruE =100, I/4I =80, I/5I =60, mo =150, \Ao\ =100, mi = 50, m2 = 100, fi = 150 GeV and the phases X4 =0.3, 
X5 =0.7, aE =0.4 and ajv =1.0, and X3 =0.4, 0.8, 1.2 (in ascending order). Right: An exhibition of the dependence of d^ on 
Oe with the input tan,g = 20 m^ = 120, I/3I =80, I/4I =60, I/5I =90, mo =100, |Ao| =120, mi = 50, m2 = 100, = 150, 
X3 =0.4, X4 =0.8, X5 =0.7 and ajv =0.5, and mjv =190, 140, 90 (in ascending order at oe = 0). 
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